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Abstract Severe tracheal stenosis, resulting in functional
atresia ofthe trachea isa rarecongenitalmalformationwithan
estimated occurrence of two in 100,000 newborns. If no
esophagotracheal fistula is present to allow for spontaneous
breathing, this condition is usually fatal. We report on a male
infant born at 32 weeks of gestation. The patient presented
with respiratory distress immediately after delivery due to
severe congenital tracheal stenosis resulting in functional
atresia of the trachea. Endotracheal intubation failed and even
emergency tracheotomy did not allow ventilation of the
patient lungs. The patient finally succumbed to prolonged
hypoxia due to functional tracheal atresia. The etiology of
tracheal atresia and tracheal stenosis is still unclear, but both
conditions are frequently combined with other anomalies of the
VACTERL (vertebral anomalies, anal atresia, cardiovascular
anomalies, tracheoesophageal fistula, esophageal atresia, renal/
radial anomalies and limb defects) and TACRD (tracheal
agenesis, cardiac, renal and duodenal malformations) associa-
tion. Conclusion Successful treatment of severe congenital
tracheal stenosis and tracheal atresia depends on either prenatal
diagnosis or recognition of this condition immediately after
birth to perform tracheotomy without delay. Nevertheless,
despite any efforts, the therapeutical results of severe tracheal
stenosis and tracheal atresia are still unsatisfactory.
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Introduction
Severe tracheal stenosis, resulting in functional atresia of
the trachea is a rare congenital malformation that is
frequently combined with other anomalies of the vertebral
anomalies, anal atresia, cardiovascular anomalies, trache-
oesophageal fistula, esophageal atresia, renal/radial anoma-
lies, and limb defects (VACTERL)—and tracheal agenesis,
cardiac, renal, and duodenal malformations (TACRD)—
association. Affected neonates present with severe respira-
tory distress immediately after birth. Without esophago-
tracheal fistula, severe tracheal stenosis, resulting in
functional atresia of the trachea is fatal and usually results
in death within the first minutes of life despite all efforts for
salvage.
We report on a preterm neonate with severe congenital
tracheal stenosis resulting in functional tracheal atresia. It is
of note, that no esophagotracheal fistula was present. The
child developed respiratory distress immediately after birth
and died at the age of 3 h due to respiratory failure. No
other malformations, particularly an esophagotracheal fis-
tula, were found on post-mortem examination.
Tracheal stenosis, functionally resulting in atresia of
the trachea without esophagotracheal fistula is an always
lethal congenital malformation because ventilation of the
lungs cannot be achieved. Survival is only possible with
either a small tracheal lumen remaining, sufficiently large
enough for spontaneous breathing, or an emergency
tracheotomy. The results of surgical treatment of high-
grade congenital tracheal stenosis and tracheal atresia
however are disappointing.
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A male infant was born at 32 weeks of gestation to a 35-
year-old gravida II, para I by cesarean section because of
maternal hepatitis C infection. Because of prior drug abuse,
the mother had been on polamidone, a synthetic opioid
used as part of the treatment of dependence on opioid
drugs. Pregnancy was uncomplicated until the development
of cervical incompetence. The APGAR scores were 6 after
1 min, 7 after 5 min, and 8 after 10 min, respectively. The
infant developed respiratory distress and high oxygen
demand immediately after birth and was admitted to the
neonatal intensive care unit on nasopharyngeal CPAP
support. On admission, the patient presented with hyper-
capnia with a pCO2 of 93 mmHg. Because of persisting
respiratory distress and progression of CO2 retention, the
decision was made to intubate and ventilate the infant.
Direct laryngoscopy revealed a clearly visible glottic plane
with unaffected vocal cord mobility, but it was impossible
to advance tracheal tubes of various sizes beyond the vocal
cords. After several attempts, mask ventilation became
impossible as well. Intubation of the esophagus to ventilate
the lungs via a potentially existing esophagotracheal fistula
was also attempted but was unsuccessful.
Because of progressive bradycardia and poor oxygena-
tion, cardiopulmonary resuscitation was started. Even
emergency tracheotomy did not allow ventilation of the
lungs since the infant lacked a visible tracheal lumen. After
prolonged unsuccessful cardiopulmonary resuscitation, the
infant finally died at the age of 3 h.
Post-mortem examination revealed congenital high-
grade stenosis of the trachea directly distal to the vocal
cords over a distance of more than 1 cm with a lumen of
less than 1 mm in diameter. Microscopically, the normal
architecture of the proximal trachea was replaced by fibrous
connective tissue (Fig. 1). The severely stenotic lumen of
the distal part of trachea was surrounded by compact
cartilage (Fig. 2). Macroscopically, the lungs appeared
normal, whereas the microscopic examination revealed
only poorly ventilated alveoli (Fig. 3). There were no
additional malformations.
Discussion
Severe congenital stenosis and atresia of the trachea are rare
malformations occurring with an estimated rate of two per
100,000 live births [13]. Less than 100 cases have been
reported in literature since the first description by Payne in
1900 [16]. Several years ago, we described a case of
tracheal atresia. This term infant was found to have type II
tracheal atresia according to Floyd [8]. The tracheal
malformation was associated with esophageal atresia
proximal to the esophagotracheal fistula [8, 18]. Taking
the regional birth rate into consideration, together with the
case described in this report, the predicted rate of two per
100,000 live births is closely met. Classifying tracheal
abnormalities anatomically, it is important to distinguish
between tracheal agenesis and tracheal atresia. Tracheal
agenesis describes an entity without any remnant of
tracheal organ structure, whereas the latter characterizes
an anomaly with no tracheal lumen but remaining organ
structure [20]. The etiology of tracheal atresia and tracheal
agenesis is still unclear, but abnormal epithelial–mesenchy-
mal interactions may be involved since the respiratory tract
develops from the ventral wall of the foregut in the third
embryonic week [6]. The lower respiratory tract starts to
develop as a median groove in the anterior wall of the
pharynx. From this groove, the respiratory tract buds out
Fig. 1 In the proximal part of the trachea, normal architecture was
replaced by fibrous connective tissue
Fig. 2 On microscopic examination, a small lumen of the distal
trachea surrounded by compact cartilage was found
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bud appears paired early in its development. Tracheal
agenesis develops when the first outgrowth of the lung
bud is aborted early during development and the larynx or
the very proximal part of the trachea stays atretic. The
paired lung primordium grows into the ventral mesen-
chyme, forming a bronchial tree without being connected to
the larynx [14, 23]. Therefore, tracheal agenesis can be
embryologically interpreted as a result of defective foregut
differentiation, whereas tracheal atresia represents faulty
development of an already differentiated anatomical struc-
ture [12]. The development of an esophagotracheal fistula is
possibly be caused by a too close proximity of the trachea
and the esophagus due to an abnormal localization of both
organs. The proximity between both organs might lead to
epithelial cellular death and consecutively the formation of
an esophagotracheal fistula. Cellular death caused by the
too close vicinity of two anatomical structures is a process
known to occur physiologically during the normal devel-
opment of embryos as well [12]. The underlying mecha-
nisms for this phenomenon of cellular death and the factors
ultimately leading to the development of esophagotracheal
fistula are, however, unidentified. Likewise, the factors
directing the development of tracheal atresia are unknown.
Neither a chromosomal defect nor a single gene defect has
been identified as the underlying cause. In the reported
case, genetic studies including a microarray analysis were
not performed due to parental refusal. External factors seem
to interfere with the normal development of the respiratory
tract in patients with tracheal atresia or severe tracheal
stenosis [6, 20], but to date no common environmental
agents or drugs have been identified to be the underlying
cause for tracheal atresia and its associated anomalies.
Although opioids are known to be of teratogenic effect to
central nervous structures [22], there is no evidence for
opioids to be involved in the determination of tracheal
malformations. Since it is unknown, whether the mother of
the reported baby took any other drugs than polamidone
during early pregnancy, a drug effect contributing to the
observed malformations cannot be ruled out.
According to Floyd [8], three anatomical types of
tracheal atresia can be differentiated. In type I, account-
ing for approximately 15% of the cases, atresia of the
proximal trachea is combined with a normal distal
trachea, which is connected to the esophagus via an
esophagotracheal fistula. In type II (approximately 50%),
the trachea is completely absent, both main bronchi join
in the midline and an esophagotracheal fistula arises from
the carina. In type III (approximately 30%), the main
bronchi arise directly from the esophagus. Five percent of
the reported cases could not be categorized according to
Floyd [20].
In the majority of the cases, tracheal atresia is
associated with other congenital anomalies [6, 7]. These
include malformations of the respiratory tract, cardiac
malformations, and anomalies of the genitourinary as well
as the gastrointestinal tract. Because of the associated
malformations, some authors refer to tracheal atresia as
part of the VACTERL syndrome [7]. More recently, cases
of tracheal atresia have been reported with associated
abnormalities described as TACRD association [5–7, 21].
In most of the cases of tracheal atresia, an esophago-
tracheal fistula was present; only five cases without
esophagotracheal fistula have been published [4, 6, 15–
17]. Remarkably, the infant, we report on, did neither fit
into Floyd’s classification of tracheal atresia nor did we
find any associated anomalies. Therefore, we describe one
of the few cases, where an isolated tracheal atresia
occurred. In contrast to our patient, in none of the reported
cases without esophagotracheal fistula, a residual lumen of
the trachea was described. Since the term tracheal agenesis
is often used synonymously with tracheal atresia, it is
difficult to compare our patient with other reported cases,
but reviewing the published literature on congenital
tracheal malformations, the reported case is unique for
two reasons. First, no other malformations could be found
on post-mortem examination and second, a small residual
lumen of the patient’s trachea was evident.
Tracheal atresia is one of the rarest tracheal abnor-
malities. It should be suspected in pregnancies with a
history of polyhydramnios and newborns with respira-
tory distress without an audible cry and in cases of
difficult intubation [3]. There is a male predominance
(2:1) and an association with prematurity [20]. The
postnatal management of neonates with tracheal atresia
is a challenging problem. If tracheal atresia is associated
with an esophagotracheal fistula, the infants are not able
Fig. 3 Microscopic examination of the lung revealed poorly
ventilated alveoli
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during inspiration. Mask ventilation via the esophagus
and the fistula may improve the condition of the
neonate. Esophageal intubation and PEEP ventilation
are approaches to secure a patent upper airway. In cases
without communication between trachea and esophagus
and no remaining tracheal lumen, spontaneous breathing
as well as mask ventilation are not effective. Emergency
tracheotomy or coniotomy can be successful, whenever a
patent distal trachea exists. In the reported case, the
post-mortem examination revealed a severely stenotic
trachea with an endoluminar width of less than 1 mm in
diameter that extended from the subglottic region to the
bifurcation.
If the diagnosis of tracheal atresia is suspected
prenatally, it can be confirmed by fetal ultrasound and
fetal magnetic resonance imaging (MRI). From the
results of the MRI scan, a decision should be made to
employ an ex utero intrapartum tracheotomy (EXIT) to
ventilate the lungs of the neonate. EXIT tracheotomy
will be only successful in cases with a patent distal
trachea.TheEXITprocedurehasbeenoriginallydescribedfor
the reversal of tracheal occlusion in patients with congenital
diaphragmatic hernia [2, 10].
The therapeutical results of tracheal atresia are
unsatisfactory. Different surgical reconstructive proce-
dures have been developed, using either the esophagus
or synthetic material to create an upper airway. None
of them has turned out to be effective concerning long-
term survival of the patients. Most of the patients died
within a few hours to a few days [11, 13]. Keeping
patients on extracorporeal membrane oxygenation after
tracheal reconstructive surgery to provide “airway rest”
during the initial healing phase could improve the
outcome [1, 9]. The longest surviving infant was a 6-
year-old female with Floyd type I tracheal aresia and
associated congenital anomalies (tetralogy of Fallot,
rectovaginal fistula). She died at the age of 6 years and
10 months because of an acute esophageal bleeding [19].
In the future, generating new tracheal tissue by means of
tissue engineering might be an approach to repair
tracheal defects like tracheal atresia or tracheal agenesis.
Animal experiments showed promising results in this
direction [20].
In conclusion, tracheal atresia is a rare congenital
malformation and the management of neonates with
tracheal atresia is difficult. The resuscitative management
could be improved with the diagnosis of tracheal atresia
being made prenatally. However, none of the surgical
procedures employed to date has been proven to be
satisfactory. Using tracheal tissue generated by tissue
engineering to reconstruct the atretic trachea might be the
therapy of choice in the future.
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